INTRODUCTION
============

Ossification of the posterior longitudinal ligament (OPLL) involves replacement of ligamentous soft tissue with new ectopic bone[@B16]. Cervical spine OPLL can cause neurological deficits secondary to myelopathy due to the compression of neural elements in the spinal canal. Left untreated, myelopathy due to OPLL can cause irreversible damage. It is therefore important to identify the variables responsible for OPLL induction of cervical myelopathy and to develop an objective measure for predicting the severity of myelopathy in patients with symptomatic cervical OPLL as a way to augment their treatment.

Many investigations have been conducted to elucidate the factors that affect myelopathy severity in OPLL disease. Those reports considered various factors to be predictors of myelopathy, including the occupying ratio (diameter of OPLL occupying the spinal canal to the unoccupied diameter of the spinal canal)[@B17], Pavlov ratio (anterior-posterior vertebral body diameter to the spinal canal diameter)[@B10], percent range of motion (ROM) (ROM at the intervertebral disc level responsible for myelopathy divided by total ROM multiplied by 100)[@B8], segmental ROM (ROM at the maximum level of cord compression based on flexion and extension radiographs)[@B5], axial ossified pattern of OPLL (laterally deviated or centrally located)[@B7], and C2--7 total ROM (maximal flexion angle subtracted by maximal extension angle)[@B15]. While each of these studies show substantial results using the aforementioned parameters, it is difficult to identify which clinical factor best predicts disease severity because these parameters are so closely correlated with each other.

The aim of this study is to investigate which radiological parameters best correlate with myelopathy severity.

MATERIALS AND METHODS
=====================

Patient population
------------------

Institutional review board approval was obtained before initiating this study.

Fifty patients with symptomatic OPLL of the cervical spine were retrospectively reviewed. All patients were consecutively consulted at our institution between April 2012 and November 2013. The patient cohort included 40 men and 10 women, with ages ranging from 42 to 72 years ([Table 1](#T1){ref-type="table"}). All patients enrolled in this study had axial neck pain, arm pain due to radiculopathy or sensory/motor deficit, gait disturbance, and/or urinary symptoms due to myelopathy. A total of 50 patients were to undergo surgery for posterior decompression.

Neurological evaluation
-----------------------

Neurological outcomes were assessed using the visual analogue scale (VAS), neck disability index (NDI), short form health survey (SF-36) and arm-trunk-leg-bladder-scores of the Japanese Orthopedic Association Score (JOA score). The JOA score system used in our institute was modified so that a score of 20 meant no myelopathy, i.e., a healthy subject ([Table 1](#T1){ref-type="table"}). Patients were divided into either the mild myelopathy group (JOA score ≥17, n=31) or the severe myelopathy group (JOA score ≤16, n=19). The aforementioned indices were analyzed for both groups.

Radiographic measurements
-------------------------

Overall lordotic alignment between the C2--7 vertebrae was measured using the C2--7 Cobb angle method on lateral X-ray, C2--7 sagittal vertical axis, C2--7 total ROM, and sagittal alignment ([Fig. 1](#F1){ref-type="fig"})[@B15]. The C2--7 Cobb angle is defined as the angle of intersection between lines parallel to the inferior end plates of C2 and C7, while the C2--7 sagittal vertical axis (SVA) is defined as the deviation of the C2 plumb line from the posterior superior endplate of C7[@B12]. Patients were stratified into a kyphosis group (C2--7 Cobb angle \<0°, n=12), straight group (0°≤C2--7 Cobb angle \<10°, n=16) and lordosis group (C2--7 Cobb angle ≥10°, n=22) by their sagittal alignment using lateral cervical radiographs ([Table 2](#T2){ref-type="table"}). The number of levels involving OPLL, type of OPLL and the occupying ratio of the spinal canal were evaluated with computed tomography (CT). Morphologically, patients were classified as having continuous (n=8), segmental (n=16), mixed (n=20) or localized (n=6) OPLL types according to criteria of the Japanese Investigation Committee on Ossification of the Spinal Ligaments ([Table 2](#T2){ref-type="table"})[@B17]. High signal intensity (SI) change on T2-weighted MRI, vertical length of SI change in the spinal cord, and angle of compression at the maximal compressed level were examined.

The compression angle is a special localized OPLL angle at the maximal compression level on sagittal view of T2 weighted MRI. The angle was measured using two lines extended to the peak point of the OPLL mass, one drawn from the cranial surface of the OPLL and the other drawn from the caudal surface of the OPLL ([Fig. 2](#F2){ref-type="fig"}). The angle made by the intersection of these two lines represents the OPLL angle. If there are more than two different compressed levels, we measured compression angle at the level which showed high signal intensity of spinal cord on MRI. Based on OPLL angle, patients were divided into either a low angle group (compression angle \<50°, n=26) or a high angle group (compression angle ≥50°, n=24) ([Table 2](#T2){ref-type="table"}). Clinical outcomes were then compared between the two angle groups.

Validation of the measurement
-----------------------------

To achieve the reliability of the measurement, 2 examiners (1 clinical fellow and 1clinical associate professor) measured all parameters in 50 cases 2 times with 1 week interval. Inter-examiner and intra-examiner ICC and 95% CI were assessed. Inter-examiner reliability was assessed by the intraclass correlation coefficient (ICC) of data obtained for the measurement of each parameter among all two examiners. In addition, intra-examiner reliability was also assessed between the first and second measurements by two examiners.

Statistical analysis
--------------------

The independent t-test was applied to compare differences between the two groups (compression angle relative to disease severity score). Measured variables were analyzed using multiple regression analysis (age, sex, C2--7 SVA, Cobb angle, ROM, number of levels in which involving OPLL, occupying ratio, compression angle to JOA score) and correlation analysis (age, sex, C2--7 SVA, Cobb angle, ROM, number of levels involving OPLL, occupying ratio, compression angle relative to disease severity score). Categorical variables were analyzed using ANOVA (age, sex, C2--7 SVA, Cobb angle, ROM, number of levels involving OPLL, occupying ratio, compression angle relative to OPLL type, and clinical outcomes score relative to sagittal alignment) with the PASW Statistic 18 software program. A *p* value less than 0.05 was considered statistically significant.

RESULTS
=======

Pearson correlation analysis was used to identify which parameters affected other parameters as well as which parameters best predicted clinical outcomes. Only the compression angle showed significant correlation with JOA score ([Table 3](#T3){ref-type="table"}). Therefore, multiple regression analysis was conducted to further clarify the effect compression angle had on JOA score. Gender, age, C2--7 SVA, C2--7 Cobb angle, number of levels involving OPLL, occupying ratio did not correlate with JOA scores, while only the compression angle did, and SI change on MRI tended to decrease the JOA score ([Table 4](#T4){ref-type="table"}). In patients with mild myelopathy (JOA score ≥17, n=31), the average compression angle was 44.47° (range, 15.4°--64.9°) while for those with severe myelopathy (JOA score ≤16, n=19), the average compression angle was 56.66° (range, 30.2°--85.8°). Other parameters, including C2--7 SVA, C2--7 Cobb angle, ROM, occupying ratio, and the number of levels involving OPLL, were not significantly different between those with mild and severe myelopathy ([Table 5](#T5){ref-type="table"}).

Compression angle groups were defined as low or high. With regard to clinical outcomes, JOA score was significantly higher in the low angle group than in the high angle group (17.96 vs. 16.21, *p*\<0.001). However, NDI and SF-36 were not significantly different between these two groups ([Table 6](#T6){ref-type="table"}).

Comparison of radiological findings with OPLL types
---------------------------------------------------

ANOVA analysis was conducted according to OPLL classification by type (2). With regard to occupying ratio, segmental OPLL exhibited smaller parameters than other types (0.32, *p*\<0.001). Other parameters, including C2--7 SVA, C2--7 Cobb angle, ROM and compression angle, did not show any differences among OPLL types ([Table 7](#T7){ref-type="table"}).

Comparison of clinical outcomes with sagittal alignment
-------------------------------------------------------

Using sagittal alignment, fifty patients were stratified into the kyphosis, straight, or lordosis groups. ANOVA analysis was conducted for sagittal alignment and clinical outcomes. Only the VAS-arm score was statistically different and the kyphosis group had a higher VAS-arm score than the straight and lordosis groups (5.33 vs. 3.50 and 2.59, *p*\<0.05). However, others clinical parameters (VAS-neck, NDI, and SF-36) were not significantly different for each group ([Table 8](#T8){ref-type="table"}).

DISCUSSION
==========

Our data suggests that high compression angle is associated with severe myelopathy and results in deteriorating JOA scores ([Fig. 3](#F3){ref-type="fig"}). Using analysis to identify the relationship between various parameters and clinical outcomes, our findings implied that compression angle has a substantial relationship with JOA score. Age, gender, C2--7 SVA, C2--7 Cobb angle, C2--7 ROM, number of levels involving OPLL and occupying ratio do not have significant relationships with any clinical outcome scales in present study. Using multiple regression analysis and controlling confounding variables, we concluded that compression angle has a significant inverse effect on JOA score. In addition, only compression angle was significantly different between the mild myelopathy group and severe myelopathy group. The compression angle is a specialized local kyphotic angle of OPLL mass itself. For every patient, we confirmed a maximum compressed level in the cervical spine using sagittal T2 weighted images of preoperative MRI and this level is often concordant with high signal intensity changed level. From that level, we measured the compression angle using two lines extended to the peak point of the OPLL mass, one line drawn from the cranial surface of the OPLL and the other drawn from the caudal surface of the OPLL. Therefore, the sharp and kyphoticpeak shapes of OPLL can have higher compression angles. Of these, the OPLL was generally measured from lateral plain radiograph or the sagittal view of CT scan. However, the compression angle can reflect soft tissue of PLL as well as OPLL or the status of spinal cord compression, so we believe that MRI is better than CT scan in present study[@B14].

Previous studies reported kyphosis as an important risk factor contributing to worse clinical outcomes, especially JOA score[@B1][@B11]. Taniyama et al.[@B13] emphasized that local kyphosis contributes more to clinical outcomes than general kyphosis, such as C2--7 Cobb angle or sagittal alignment. They suggested that while preoperative global kyphosis did not affect clinical outcomes, the minimum interval between the tip of local kyphosis and a line connecting the midpoint of the cord at the level of the inferior endplates of C2 and C7 did have an effect.

Based on previous studies, we hypothesized that the compression angle is a significant contributor in determining severity of myelopathy. When the compression angle is high, the force compressing the spinal cord is greater than with a low angle. In these situations, the compression angle of OPLL can act as a tension force on the spinal cord. This force increases more with neck flexion than neck extension. It causes mechanical compression to the ventral portion of the spinal cord. As a result, spinal cord ischemia can occur. Although a small area of the OPLL mass compresses the ventral portion of the spinal cord, this tension force can interrupt the flow of the anterior spinal artery or CSF. This is an important pathophysiological factor in developing myelopathy[@B6]. In this study, the mean occupying ratio of all enrolled patients was 0.44 (range 0.12--0.77). The compression angle is meaningful because it implies that in most cases, the tip of the OPLL mass and the ventral portion of the spinal cord have close adhesion without a visible gap. Tokuhashi et al.[@B14] reported that ossification-kyphosis angle had a statistically significant relationship with certain parameters in an echo-free space study. When echo-free space between the OPLL and spinal cord was absent on intraoperative ultrasonography, the ossification-kyphosis angle was higher than when echo-free space was preserved. Oshima et al.[@B9] described the segmental kyphotic angle as an adverse prognostic factor for patients with myelopathy. In this manner, there are many articles that emphasize the importance of local kyphosis.

Various factors should be considered when estimating the severity of myelopathy in OPLL. Previous studies suggested that static factors such as occupying ratio and Pavlov ratio could help to determine disease severity[@B7][@B8][@B14]. Other studies concluded that dynamic factors such as segmental ROM have a significant effect on determining disease severity[@B3]. Recent studies focused on sagittal alignment in the cervical region emphasize that sagittal alignment including C2--7 SVA was a substantial factor in determining clinical outcomes[@B2][@B12][@B18]. However, we did not find any significant correlation between referenced parameters and clinical outcomes in this study.

Consideration is needed regarding why these factors did not show any significant results in this study. First, the occupying ratio revealed different affects on myelopathy in OPLL between the two groups. The mild myelopathy group showed smaller occupying ratio values than the severe myelopathy group. However, there was no statistically significant difference (0.43 vs. 0.46, *p* value=0.480). This discrepancy might be caused by the ossified pattern of OPLL lesions, which can be divided into a lateral deviated type and a central localized type in axial view. Matsunaga et al.[@B7] described the lateral deviated type of OPLL as a substantial risk factor for myelopathy. This type can be asymptomatic when the OPLL is located centrally with a certain occupying ratio, but the lateral deviated type can also induce severe symptoms such as myelopathy.

The C2--7 ROM measured in this study also did not show a statistically significant difference between the two groups (38.1 vs. 32.0, *p* value=0.067). Fujiyoshi et al.[@B3] reported that segmental ROM significantly affects myelopathy development in patients with cervical OPLL. Segmental ROM was measured at the maximum cord compression level composed of one adjacent segment from flexion and extension radiographs. However, we measured C2--7 global ROM rather than segmental ROM, and we did not observe significant results for this parameter in our study. We can consider these unexpected results limitations of this study. Another limitation is in regard to measurement of the compression angle. Most previous studies conducted to clarify risk factors for myelopathy severity used plain X-ray or 3D-CT imaging tools. Studies using MRI as an imaging tool have not been reported. Similar to our measurement methods, Tokuhashi et al.[@B14] measured the ossification-kyphosis angle of the decompression site from the sagittal view of preoperative MRIs. They suggested that the ossification-kyphosis angle affects clinical outcomes. However, this concept of ossification-kyphosis angle is different from that of the compression angle. Ossification-kyphosis angles contain several sites decompressed by surgery without reflecting the shape of OPLL at the site with most compression. On the contrary, compression angle is measured at just the most compressed level. Round and dome shaped OPLLs have a flat surface at the compression site while compression angles are close to zero degrees. The compression angle was not measured or excluded from this study when other masses compressed the spinal cord posteriorly, such as ossification of the ligamentumflavum or facet joint hypertrophy. In that situation, the spinal cord can be compressed not only ventrally, but also dorsally and laterally.

For patients with segmental type OPLL, the occupying ratio was substantially lower. Although this study does not suggest that classification by type of OPLL affects clinical outcomes, Fujiyoshi et al.[@B3] suggested that segmental type OPLL has lower occupying ratios than other OPLL types. Because segmental-type OPLL has larger segmental ROM as a dynamic factor, it can cause neurologic symptoms even with lower occupying ratios. Because segmental type OPLL can have larger C2--7 ROM than other OPLL types, any neck motion can induce impingement injury to the spinal cord. In continuous type OPLL, patients usually have smaller C2--7 ROM than in other OPLL types, reducing the possibility of impingement injury.

Cervical radiculopathy is a common condition resulting from compression of the neural foramen[@B14]. VAS-arm is considered representative of radiculopathy severity. The lordosis group had C2--7 Cobb angles greater than 10 degrees and a lower VAS-arm score than other groups. In the normal anatomical spine, the cervical spine has a mild lordotic curve. Therefore, it is reasonable that this group shows a lower VAS-arm score[@B4].

CONCLUSION
==========

The compression angle might be a novel method related to the severity of myelopathy. If compression angle is high, myelopathy occurs more often. If the compression angle is low, there is reduced possibility of myelopathy. Compression angles on sagittal view MRI may provide useful information to surgeons in predicting the severity of myelopathy for patients with OPLL. When evaluating severity of myelopathy, the compression angle might be another parameter to evaluate or predict the clinical outcomes.
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![A : Measurement of C2--7 SVA interval between C2 body plumb line and posterior superior endplate of C7. B : Sagittal alignment by C2--7 Cobb angle method : angle between two lines parallel to the endplate of C2 and C7 on lateral plain radiographs.](jkns-59-471-g001){#F1}

![Compression angle of OPLL. Special kyphotic angle at most compressed level. In this study, the angle was measured by sagittal T2 weighted preoperative MRI image. A : C3/4 is the most compressed level on T2WI. B : We measured the compression angle at C3/4 level. α : compression angle.](jkns-59-471-g002){#F2}

![Regression analysis shows negative correlation for compression angle and JOA score. JOA : Japanese Orthopedic Association.](jkns-59-471-g003){#F3}

###### Modified Japanese Orthopedic Association (JOA) score for assessment of cervical myelopathy
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The JOA score in a healthy subject is the total of the best scores : (I+II+III+IV+V+VI)=20 points

###### Clinical characteristics of cervical OPLL
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^\*^Classification by Investigation Committee on ossification of posterior longitudinal ligaments (OPLLs) of the Japanese Ministry of Public Health and Welfare, ^†^Classification by C2--7 Cobb angle. Kyphosis\<0°, 0°≤straight\<10°, 10°≤Lordosis, ^‡^Classification by compression angle. Low angle group\<50°, high angle group≥50°

###### Factors affecting clinical outcomes
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Correlation analysis was performed to analyze correlation between parameters and clinical outcomes. r : Pearson correlation coefficient, VAS : visual analogue scale, NDI : neck disability index, SF-36 : 36-Item Short Form Health Survey Instrument, JOA : Japanese Orthopedic Association, SVA : sagittal vertical axis, ROM : range of motion, OPLL : ossification of the posterior longitudinal ligament

###### Effects of radiological parameters on JOA score

![](jkns-59-471-i004)

Multiple regression testing was performed to analyze correlation between se, age, C2--7 SVA, C2--7 Cobb angle, no. of OPLL involved, occupying ratio, compression angle, SI change on MRI and JOA score. SE : standard error of the means, JOA : Japanese Orthopedic Association, SVA : sagittal vertical axis, OPLL : ossification of the posterior longitudinal ligament, SI : signal intensity

###### Factors affecting severity of myelopathy
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Independent t-test. SVA : sagittal vertical axis, ROM : range of motion, Compression ratio : compression ratio of spinal canal by OPLL, Compression angle : kyphosis angle of OPLL at the maximum cord compression level, SE : standard error of the means

###### Comparison of clinical outcomes between two types
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Independent t-test. ^\*^Classification by compression angle. Low angle \<50°, high angle ≥50°. SE : standard error of the means, NDI : Neck Disability Index, SF-36 : 36-Item Short Form Health Survey Instrument, JOA : Japanese Orthopedic Association

###### Comparison of parameters between OPLL types^\*^
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^\*^Classification by the investigation committee on ossification of posterior longitudinal ligaments (OPLL) of the Japanese Ministry of Public Health and Welfare. SE : standard error of the means, SVA : sagittal vertical axis, ROM : range of motion

###### Comparison of clinical outcomes with sagittal alignment^\*^
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^\*^Classification by C2--7 Cobb angle. Kyphosis\<0°, 0°≤Straight\<10°, 10°≤Lordosis. SE : standard error of the means, NDI : Neck Disability Index, SF-36 : 36-Item Short Form Health Survey Instrument, VAS : visual analogue scale, JOA : Japanese Orthopedic Association
